TO THE EDITOR Electromagnetic radiation (EMR) generated by various exogenous sources is an environmental stress factor for human health, and the skin, as the physiologic barrier, is the first target of this irradiation. Electric fields are also extensively used in several medical domains, such as radiofrequency resurfacing, electrochemotherapy, and endovenous ablation (Lacy-Hulbert et al., 1998; Tanabe et al., 2004) . Meanwhile, the influence of non-ionizing EMR on human skin physiology remains to be clarified. The main point of debate among those interested in the risks and benefits of EMR in dermatology is whether there are thermal or non-thermal biological effects on skin physiology. An initial study using whole animal exposure to EMR failed to show significant genomic modulations in rat brain (Fritze et al., 1997) . Others have observed the rapid induction of c-fos and c-jun oncogenes (Doi et al., 2001; Czyz et al., 2004) following rat brain or embryonic stem-cell exposure to EMR, with no apparent temperature modulation. Non-thermal induction of heat-shock protein 27 (HSP27) was observed in human endothelial cells following 1 hour exposure to 900 MHz frequency (Leszczynski et al., 2002) , whereas under similar conditions Shi et al. (2003) failed to detect HSP27 modulation in human keratinocytes. In human skin fibroblasts, Pacini et al. (2002) reported that the radiofrequencies at non-thermal levels were able to induce the expression of certain HSPs. Finally, an in vitro study in an EMR-exposed C3H mouse fibroblastic cell line failed to detect any significant modulation of gene expression (Whitehead et al., 2006) . These discrepancies led us to investigate the molecular events involved during reconstituted human epidermis (RHE) exposure to EMR. This study was performed using a patch-antenna device that ensures homogeneity of irradiation by 900 MHz EMR, the most used cell phone frequency (Laval and Levêque, 2000) . RHE cultures were maintained at a constant temperature of 371C during irradiation to minimize thermal shock response (Rosdy and Clauss, 1990) .
Following 6 hours of RHE exposure to EMR, keratinocytes were incubated under EMR-free culture conditions before being harvested 2 or 18 hours later to investigate early and late cell responses, respectively. EMR exposure slightly reduced the mitotic index (from 47 to 35% Ki-67 þ cycling keratinocytes, Po0.05), but no changes in RHE morphology, cell apoptosis, or mortality were observed (data not shown). The same quantity of total RNAs from each keratinocyte culture was then analyzed using a specific cDNA array designed to study transcriptomic variations in 600 genes in skin cells and keratinocytes. Transcription variations X250% or p50% and with Po0.05 were defined as significant limits in our analysis (Table 1 and  Table S1 ).
Our data clearly indicate that exposure to EMR induced a dramatic modulation of transcriptomic response in RHE, similar to those observed with other stressors, such as acute UV radiation (Enk et al., 2006) . Surprisingly, the most overexpressed gene was that encoding neuromedin B (41700%, confirmed by real-time PCR), a neuropeptide not yet reported in keratinocytes (Ohki-Hamazaki, 2000) . Neuromedin B belongs to the bombesin-related peptide family, initially discovered in amphibian skin but recently shown to activate both p42 mitogen-activated protein kinase (MAPK) and p74 (raf-1), potent intracellular signaling factors in mammalian cells (Charlesworth and Rozengurt, 1997) . EMR also increased the expression of c-myc, c-jun, and jun-B protooncogenes, which indirectly suggests the induction of c-Myc-related and activated protein-1 transcription factors, potent ubiquitous promoters of the expression of most proinflammatory and stress-related genes (Dai and Segre, 2004) . This suggests that activated protein-1, not affected by heat shock, might be increased by non-thermal EMR. The above-mentioned transcription factors might also explain the overexpression of a variety of genes encoding heat-shock, wound-healing, and inflammatory proteins (Table 1) . Six genes encoding HSP proteins (HSP70, HSP47, HSP40, HSP90A, HSPA5, and HSP90B) were increased at relatively high levels. Induction of the HSP family was also confirmed by HSP70 protein detection in nearly all viable keratinocyte layers in EMR-exposed RHE cultures ( Figure 1a ). In contrast to UV irradiation (Becker et al., 2001) , EMR had no effect on HSP27 gene expression, corroborating early data obtained in other tissues (Shi et al., 2003) . The transcription of IL-1R1, IL-2Ra, TNF-R1, TGF-bRII, and NOS-II genes suggests an acute inflammatory response to EMR, also confirmed by increased levels of TNF-R1 expression on the surface of EMR-exposed keratinocytes (Figure 1b ). Most of the above genes were transient and returned to normal values 18 hours later, whereas another set of genes was detected only 18 hours post-EMR, most of them related to cell functions and wound healing. Early and late gene induction was confirmed at the protein level for placenta growth factor 1 and endothelin 2 (Figure 1b) , factors required for wound healing and tissue repair.
Transcriptomic analysis also revealed EMR-mediated downregulation of 425 genes (Table 1) , including those encoding G-protein-coupled receptor, HM74 (Failla et al., 2000) , and b-defensin 2 (Braff and Gallo, 2006) (Table 1) . We also observed early suppression of genes encoding critical molecules for cell differentiation and proliferation, correlating with a slight diminution of the mitotic index observed in our study. Furthermore, R Ennamany et al.
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EMR decreased the expression of genes encoding several cell-structure-related proteins and important enzymes related to oxidative stress (Table 1) . Finally, PCR and immunohistochemical analysis of RHE confirmed the decreased expression of b-defensin 2 and cyto-keratin 10 following EMR exposure (data not shown). Together, these results clearly differ from reports, as they reveal an important stress/inflammatory response in RHE following its exposure to 900 MHz frequency under thermally controlled conditions, but the intracellular mechanism(s) of this effect remains to be clarified. Like numerous cell stressors, EMR induces a common protective response: upregulation of HSPs. This may be explained by the rapid expression of activated protein-1 and neuromedin B (Table 1) , providing EMR-exposed cells with transcription factors for stress-related and proinflammatory proteins. Although more functional proteomic analysis of EMR effects is required, our data may help in the comprehension of molecular targets of accidental or therapeutic EMR in human epidermis.
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We are grateful to D Moynet and K Ezzedine (Immunology and Dermatology Department, Université Bordeaux 2, Bordeaux, France) for critical reading of this paper and Bio-alternatives (Genc¸ay, France) for technical help. Reconstituted epidermis with multilayered cell cultures (upper photo) has been exposed for 6 hours to EMR. Following an additional 2 hours of incubation, RHE sections were labeled using appropriate antibodies and immunohistochemistry. In contrast to control (filaggrin), downregulation of b-defensin 2 and keratin 10 and upregulation of HSP70 were observed following EMR exposure. (b) Cell suspensions from reconstituted epidermis were analyzed for their ability to express placental growth factor (PLGF1), TNF-R1, or endothelin-2, before or after exposure to EMR and an additional 2 or 18 hours incubation. Data show mean fluorescence intensity (MFI) from two experiments (SD o15%) compared with control cultures; *Po0.05.
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